In the coastal areas of Bangladesh, scarcity of drinking water is acute as freshwater aquifers are not available at suitable depths and surface water is highly saline. Households are mainly dependent on rainwater harvesting, pond sand filters and pond water for drinking purposes. Thus, individuals in these areas often suffer from waterborne diseases. In this paper, water consumption behaviour in two southwestern coastal districts of Bangladesh has been investigated. The data for this study were collected through a survey conducted on 750 rural households in 39 villages of the study area. The sample was selected using a random sampling technique. Households' choice of water source is complex and seasonally dependent. Water sourcing patterns, households' preference of water sourcing options and economic feasibility of options suggest that a combination of household and community-based options could be suitable for year-round water supply. Distance and time required for water collection were found to be difficult for water collection from community-based options.
INTRODUCTION
In Bangladesh, 73% of the population lives in rural areas and tubewell water is the primary source of drinking water for the majority of rural people (WHO & UNICEF ).
Tubewells have been installed at various depths, depending on availability and the level of groundwater. However, in the coastal areas of Bangladesh, the development of a dependable water supply system is limited because suitable freshwater aquifers are not available at suitable depths (Kamruzzaman & Ahmed ; Islam et al. ) . There are certain areas in the coastal districts where both shallow and deep tubewells are not useful due to high salinity in groundwater. In many settlements in these areas, rainwater is preserved in natural or man-made ponds and collection of larger sub-surface reservoirs (ranges from 10,000 to 25,000 L) made of reinforced cement concrete or ferrocement are used for storing rainwater. The PSF is a manually operated treatment unit based on the principle of slow sand filtration.
Water is pumped up from the rainfed pond by a hand pump and is poured into a filter chamber filled with sand.
So, the treated water quality depends on the efficiency of filtration system and also on the raw water quality of the pond.
However, few households have community-based water supply facilities within a short distance. Water scarcity causes great hardship to families, in particular women, who usually spend several hours each day collecting water from distant sources. Substantial queuing time at community water collection points also restricts the collection of safe water (Sullivan et al. ) . So, people generally use rainfed pond water during the dry season because many households do not have a large tank to store sufficient rainwater for the water and the volume of drinking water consumed are important parameters. Therefore, the main objectives of this study were: (i) to identify water consumption behaviour of a rural salinity-affected population; and (ii) to make suggestions for their future safe water supply. The findings of the present study may help in planning and implementation of improved water supply facilities not only for the coastal areas in Bangladesh, but also for other coastal areas with a similar hydro-geological situation.
METHODOLOGY
The study was conducted in the southwest coastal areas of Bangladesh, particularly Mongla and Dacope upazilas (sub-districts) of Bagerhat and Khulna districts, respectively. These areas were selected because: (i) neither shallow or deep tubewells are useful in these areas due to salinity; (ii) most of the communities depend on multiple sources of drinking water; and (iii) convenient transportation for collecting data. A questionnaire survey was administered to gather detailed information on the water consumption behaviour of the coastal people. The data included: sociodemographic information on the respondents; their water collection and consumption behaviour; information on maintenance of water sources; and the preference of water collection options. The draft questionnaire was pre-tested in villages of the two districts covered in the study. The questionnaire was revised after two rounds of pre-testing. The target population of this study was individual households.
The household was considered as a unit of analysis because water supply issues were concerns of the entire household.
Households were selected from 39 villages in the study area by using systematic random sampling technique.
Respondents were selected from the list of residents from each village obtained from Union Parishad office. Ten per cent of the households in each village were selected randomly. From each selected household, one woman was selected as the sample. Only the female participants were selected because they are mainly responsible for collecting drinking water in the household. In Bangladesh, 90% of the women are responsible for the collection of water while men, girls and boys comprise 5, 4 and 1% of the water collectors, respectively, when drinking water is not available on their own premises (WHO & UNICEF ).
In the reconnaissance survey, we also found that women are primarily responsible for the collection of household drinking water in the study area. When any household member refused to participate, the nearest house was considered. The total number of samples in this study was 750.
To quantify the daily water consumption by direct drinking, a method similar to the Cup Method (Watanabe et al. 
Drinking water sources and pattern of water use
Drinking water sources available in the study area are presented in Table 2 . The RWHS is the only household-based water supply option available in the study area. Water sourcing patterns of the households are presented in Table 3 . The survey results reveal a complex water sourcing pattern. Out of the total households, about 91% reported that they rely on two sources to obtain drinking water. More than half of the households were found to use a RWHS and pond water for drinking purposes. About 11% of the households reported using RWHS and PSF water, while about 15% used RWHS, PSF and pond water as their drinking water sources. Only about 9% used a single source for drinking purposes.
The principal drinking water sources of the households during dry and wet seasons are presented in Table 4 . Households' choice of water sources is seasonally dependent. In the dry season, ponds were found to be the most common source of drinking water, followed by PSFs, with the use of other sources being limited. About 69 and 18%, respectively, of the households reported using pond and PSF water during the dry season. However, in the wet season, the majority of the households (91%) reported using RWHS water. While only about 4 and 3%, respectively, of the households chose to use PSF and CRWHS water.
The duration of water use for different drinking water sources are presented in Table 5 . Households reported using PSF, tubewell and pond water for about 8, 9 and 8 months, respectively. In the case of harvested rainwater, use of CRWHS water was higher than RWHS water. Households were found to use RWHS water for only about 4 months. Note: RWHS, household-based rain water harvesting system; CRWHS, community-based rain water harvesting system; PSF, pond sand filter. Among households who were found to use harvested rainwater only about 3% reported using any in-house method to purify their drinking water (Table 7) , whereas about 13% of the PSF water users treat their water in their home. In case of pond water users, about 53% reported using alum to treat the water. Approximately 37% of the households who boiled their pond water also use alum for additional treatment.
Operation and maintenance of RWHSs, CRWHSs and PSFs Table 8 shows the features of the RWHSs operation and maintenance schedule for the households surveyed. More than onethird (34%) of the households reported that they do not clean the roof annually. About 42% reported that they clean the roof once a year. A majority reported that the first flushing time was less than 10 min. It is important to note that about 14%
reported that they do not first flush before rainwater collection.
The majority of the households (63%) reported that they clean the rainwater tanks several times a year. Manual abstraction of water from the tank was common amongst the households; only about 6% of the rainwater tanks had a tap for water collection. In case of CRWHSs and PSFs, the majority of the respondents said that there is no community-based management for operation and maintenance.
Effects of distance and time on PSFs and CRWHSs water collection
The distance that the respondents need to travel and also the time required for water collection from PSFs and CRWHSs are presented in Tables 9 and 10 , respectively. In the case of PSFs, about 30% of the total households had PSFs within 400 m of their houses (see Table 9 ), while about 46% of the households had no PSF within 2 km. Time required for water collection from the PSF was more than 2 hours for 55% of the households. In response to a question on why people use pond water instead of PSF water, about 68% of the respondents replied that 'PSF is not available within a short distance', and 79% of them said that 'water collection from the PSF is time consuming'. In addition, about 42%
said 'PSF does not function properly year-round'. Only about 6% of the households had a CRWHS within 400 m of their houses, while about 81% had no CRWHS within 2 km of their houses (see Table 10 ). Time required for water collection from CRWHSs was more than 2 hours for about 83% of the households.
Households' preferred option
In response to the query regarding the preference for the 
DISCUSSION
The study shows that coastal households are mainly dependent on multiple sources for drinking purposes. The use of pond water in the dry season by the majority of respondents as a principal source of water supply reflects the lack of PSFs and CRWHSs in the study area. In the wet season (May to October), it is possible to harvest rainwater at the household level. However, the majority of respondents said that they do not have tanks large enough for storing rainwater for long periods. In the case of RWH, plastic and ferrocement tanks are considered as improved tanks.
According to the survey results, only about 23% of the households reported having improved rainwater tanks for household rainwater collection. Many of the respondents said that even in the wet season if there is a long dry period, they need to collect water from other sources. The overall use of ponds suggests that they are very important sources of drinking water for rural households. The duration of tubewell water use was the highest among the sources.
However, tubewells are useful in very few places. Only 6% of the households were found to use tubewell water for drinking purposes. In addition, households using tubewell water complained about high iron and salinity in the water.
Economic feasibility of RWHSs, CRWHSs and PSFs
Economic feasibility of RWHSs, CRWHSs and PSFs are shown in Table 11 . Rainfed ponds were not considered in the economic analysis since ponds are natural or man-made reservoirs rather than a technological option. The analysis was done considering that a family of five members would consume 25 L of water per day for drinking and cooking.
This analysis will not be effective if water is used for other purposes. Storage capacity for RWHSs and CRWHSs was considered to be 5,000 L (one household) and 25,000 L (five households), respectively, which will ensure water storage for at least 180 d. Since rainfall is available for about 6 months, the storage capacity will ensure a year-round water of water right at the household, thus avoiding the burden of having to walk a long distance to fetch water. However, a water supply system completely based on harvested rainwater requires large storage reservoirs (Table 11 ). Since the financial base in the rural area is very weak, a RWHS for year-round water supply would not be easily affordable.
In the coastal areas, there is no plan to supply piped water in the near future. For households who cannot use a RWHS all year, a combination of options will be useful. According to economic feasibility, preference of option, a combination of the RWHS and PSF need proper consideration for providing safe drinking water to the rural coastal population.
Issues concerning RWHS

Cost is an important issue for introducing RWHSs in rural
Bangladesh. In the study areas, about 53% of the respondents reported that their annual income is less than Tk. showed that contamination of harvested rainwater is associated with lack of first flushing, water collection from the tank manually, unclean inside of the storage tank and a dirty gutter or blockage in the path the water takes from the roof to the storage tank.
In the study area, the majority of the households do not have first flushing devices and they abstract water manually.
These may cause risk of microbial contamination of har- 
Issues concerning PSF
In the study area, PSFs have been installed randomly based on the availability of rainfed ponds. PSFs are located in distant locations in a scattered manner. The effect is that a considerable number of rural residents must travel a long distance to fetch water from PSFs (see Table 7 ). In coastal areas of Bangladesh, PSF is the only suitable option for year-round water supply (Kamruzzaman & Ahmed ) . In Bangladesh, one of the major problems of the existing PSFs is poor operation and maintenance (Alam et al. ) .
During the field survey, some of the PSFs were found to be non-functioning. Performance of a PSF depends mainly on its operation and maintenance. Sand washing is the main component of operation and maintenance. Users are found to be reluctant to wash the sand bed, which results in reduction of filtration rate and increase in fetching time.
Sometimes people collect water from PSF source ponds to avoid the long fetching time to collect water from PSFs. In the study area, outlet taps of the PSFs were found to be absent in some cases and people were using sticks in the outlet pipe to control outflow of water. These sticks may be responsible for secondary sources of contamination of the treated water from PSFs. A large number of PSF source water ponds were found unprotected (no suitable embankment to control surface runoff), which allows a high pollution load to enter the pond. High bacteriological contamination in PSF source pond water was found by Islam et al. (a) . It will not be simple to have PSFs accepted on a permanent basis. If people are to be encouraged to adopt PSFs, there are a number of critical issues to be addressed. PSFs will require regular maintenance and will generally be shared by a number of households. This raises the issue of ownership, who will pay, and how the payment, access and responsibility for maintenance will be shared. Therefore, villagers should be involved in both the financing and operation and maintenance of PSFs. Community participation can generate the commitment for maintenance because they are involved. User groups may be formed among the beneficiaries to conduct regular monitoring and maintenance.
Daily water consumption
Estimates of drinking water consumption are necessary in risk assessment on microbial hazards in drinking water.
The daily water consumption of the coastal population estimated in the present study was not so far from the previous estimates of the rural arsenic-affected areas of Bangladesh (see Table 12 
CONCLUSIONS
Use of multiple sources for drinking purposes is noted as being common amongst the rural coastal population. Households are mainly dependent on pond and RWHS water during the dry and wet seasons, respectively. In the dry season, due to lack of suitable water sources, a large number of people drink pond water. Distance and time required for water collection were found to make it difficult to collect water from both PSF and CRWHS sources. 
